The SAXS instrument on the high brilliance undulator beam line (ID-12, BESSRC-CAT) at APS has been designed to produce highresolution scattering patterns in the millisecond time domain. This instrument is equipped with a 18 cm x 18 cm position sensitive gas detector and a 15 cm x 15 cm high-resolution position sensitive CCD mosaic detector. A photodiode detector mounted on a 3.7 mm diameter beam stop permits quick alignment of the instrument as well as precise measurement of the transmitted beam intensity. The exposure time with the CCD detector varies from 0.1 to 10 seconds depending on the scattering cross-section of the samples. Techniques to interface ancillary equipment for time-resolved studies and software for faster online analysis of the data have also been developed. We have obtained data on the unfolding of proteins in the millisecond time domain and ASAXS of metallic alloys using this instrument.
Introduction
The high flux of third-generation synchrotron sources has allowed experiments previously not possible in condensed matter research. The high brilliance at synchrotrons such as Advanced Photon Source (APS) and ESRF will enable time-resolved studies on dynamic systems in the millisecond time domain. Furthermore, it will be possible to perform experiments that require high energy resolution of the probing x-rays and better counting statistics (e.g. anomalous SAXS). ASAXS became possible only after the advent of synchrotron sources. The power of ASAXS has been demonstrated in such areas as biophysics, tracking the disposition of trace amounts of metal atoms in proteins (Stuhrmann, 1981; Miake-Lye et al., 1983) , to the phase separation in metallic alloys (Lyon et al., 1985; Liu et al., 1999) . The high brilliance of the x-rays from the undulators at APS enables the full potential of both the time-resolved and anomalous SAXS techniques to be realized in such areas as heterogeneous catalysis (Thiyagarajan et al., 1996) , ceramics, metallic alloys, organometallics and biomaterials. We have developed a state-of-the art SAXS instrument at APS with the capabilities for both time-resolved and anomalous SAXS applications. The ease of changing the sample to detector distance and tuning of x-ray energy enables easy access to different ranges of Q (4πsin(θ)/λ, where 2θ is the scattering angle and λ is the wave length). With this instrument we routinely measure data in a Q range of 0.003 to 0.8Å -1 . This paper presents the design and performance of this instrument with a few experimental examples. 
Instrument Design
The schematic of the SAXS beam line is shown in Fig.1 . This instrument views a high brilliance undulator source whose characteristics are given in Knapp et al.(1996) . Fig. 2 shows the maximum intensity of the undulator for the first three harmonics as a function of the aperture size. In this instrument we routinely employ a beam size with dimensions of 0.6 mm x 0.3 mm. The monochromatic beam is provided by a cryogenically cooled Si(111) double crystal monochromator. The energy can be easily tuned in the range of 5 to 28 keV. At 45 m from the source we use a mirror with three different coatings, Pd, Si, Pt, to reject the 3 rd harmonic reflection from the Si(111) monochromator as well as for vertical focussing The beam-defining slit is placed 5 m down stream from the mirror. To monitor the incident x-rays an ionization chamber is placed immediately after the beam defining slit. A shutter needed by the CCD detector is placed next to the ionization chamber. A guard slit is at 8 m from the beam-defining slit and this reduces the Design and performance of a ASAXS instrument at the Advanced Photon Source conference papers scattering from both the beam defining slit and the windows of the ionization chamber. The sample area between guard slit and the entrance to the scattering flight path is either in air or evacuated depending on the type of experiment. At the end of the scattering path is a beam stop (discussed below) mounted on a kapton film followed by the area detector. Fig.3 shows the design of the beam stop that is made of lead with a hole in which a small photo diode has been mounted. The beam stop has a diameter of 3.7 mm. The electrical connections to the photo diode are made with 10 µm wires that do not cause any significant background scattering. The beam stop is mounted on a 25 µm kapton film. A photo diode made by EG&G type VTP3310LA that is available in a standard T-1 package was modified by cutting the two wires on the backside and by reducing the length and the diameter of the plastic package down to 3 mm and 2.4 mm respectively. After this modification two 0.2 mm wires were soldered onto the photodiode by pointing to the forward direction of the diode. The machined lead beam stop has a hole with a size of the modified photo diode at the front side and a tapped hole on the backside to mount the beam stop onto the kapton film. The photodiode mounted on the beam stop enables alignment of the whole instrument. The photodiode can be used for a wide current range from 50 pA to 200 µA and shows good linearity of smaller than 0.2% compared to an ion chamber. The high reliability of the photodiode is for on-line measurement of the transmitted beam intensity that can be readily used for the normalization of the SAXS data for the transmission coefficient of the samples as well as the incident flux. 
Design of the beam stop

Detectors
Depending on the experiment we employ either the position sensitive 2-D gas detector or a 9-segment 2-D CCD Gold detector designed by the ECT division (Westbrook and Naday, 1997) at Argonne National Laboratory. The specifications of the detector are given in Table 1 . We have also two linear gas detectors with a spatial resolution of 0.3 mm that can be used for simultaneous SAXS/WAXS experiments. For fast kinetic studies, where the experiment can be repeated many times, the gas detector is chosen. With this detector and a large histogramming memory of 64 Mbytes it is possible to synchronize SAXS measurements with the sample kinetics precisely within 5 µsec. However, due to its count-rate limitations the beam intensity has to be attenuated by about 3 orders of magnitude. The state-of-the art CCD detector with 9 separate read outs can be used with the full flux of the beam. The large sensitive area and the high pixel resolution of the CCD detector enable measurements over a wide Q range. 
Scientific Examples
A number of interesting experiments have been conducted by using this instrument. A few examples are presented below to illustrate its performance. Fig.4 shows the SAXS data for 209 nm diameter polystyrene spheres in H 2 O measured using the wire detector in 1 minute. The normalized SAXS data for the sample and water in 1 mm quartz capillary tubes are shown. The bottom curve corresponds to the background subtracted data that has a number of secondary maxima. This implies that the polystyrene spheres are fairly monodisperse in size. The solid line is a theoretical curve fit using equation 1.
where I 0 is the scale factor, R is the radius of the spherical particle and B is the background scattering. The secondary maxima in the experimental data agree reasonably well with those in the theoretical fit up to Q ~ 0.03 Å -1 . The transmitted beam intensity measured by
Figure 4
SAXS data from 209 nm polystyrene sphere solution (Ο) and water( ) each in 1mm capillary quartz tube and the background subtracted data. The number of secondary maxima in the subtracted data (+) suggests that the particles are fairly monodisperse spheres. The solid line is the fit using equation 1. the photodiode mounted on the beam stop enabled proper normalization of the scattering data. Time-resolved SAXS studies have been carried out by Sosnick and coworkers, University of Chicago on the unfolding of the cytochrome C in guanidium hydrochloride at pH 7. These studies were done using the gas detector and a flow cell for mixing the protein and guanidium hydrochloride solutions. These measurements were repeated for 20 cycles. In each cycle the reaction in the flow cell is initiated by a trigger pulse from the detector electronics and several measurements at intervals of 100 milliseconds were made after mixing. During the repetition of the above experiment the data from different times after mixing were stored in the 64 frames of the histogramming memory. The data were transferred to the computer after the completion of the experiment for further analysis.
Figure 5
The radius of gyration (Å) of the unfolding 10 mg/ml cytochrome C in 3.3M guanidium hydrochloride solution as a function of time (seconds) after mixing of the solutions using a flow cell.
Fig . 5 shows the radius of gyration as a function of time after mixing of 10 mg/ml cytochrome C and 3.3 M guanidium hydrochloride solutions. The radius of gyration for the fully folded cytochrome C is around 13 Å. It can be seen from the figure that the radius of gyration increases rapidly within the first second and saturates at a value of 28 Å after that time. These experiments were done as a feasibility study using a flow cell. Time-resolved SAXS studies with better time
Figure 6
ASAXS data near the K edge of Fe for the Fe-0.9 Cu-1.0 Mn alloy annealed at 450°C for 24 hours resolution are being planned by this group by using recently acquired stop-flow apparatus with a very small dead time. The SAXS intensity as a function of the Q is due to the distance correlations of all the atoms in the particles of interest. Anomalous small angle x-ray scattering (ASAXS) refers to extension of standard SAXS experiments in which the energy of the probing x-rays are tuned near the absorption edge of an element in the sample (Stuhrmann, 1981; Miake-Lye et al., 1983; Lyon et al., 1985; Liu et al., 1999) . By performing SAXS experiments near the characteristic absorption edge of any given element, it is possible to vary the contrast for scattering of that particular element (Thiyagarajan et al., 1996) . Alexander and co-workers (Alexander et al., 1999) have recently studied the precipitation of Cu in Fe-0.9 Cu-1.0 Mn alloy annealed at 450°C for 24 hours. Fig. 6 depicts the Guinier plots of the SAXS data measured at 4 energies just below the k-edge of Fe (7112 eV). It is clearly seen that as the incident photon energy increases near the absorption edge, the scattering contrast between Cu-rich precipitates and the Fe matrix increases resulting in a monotonic increase in the SAXS intensity with increasing energy.
Summary
We have developed a versatile, state-of-the-art SAXS instrument at the BESSRC-CAT at APS to carry out time-resolved and anomalous SAXS experiments in condensed matter research. The photo diode on the beam stop enables simultaneous measurement of transmission and scattering of the sample. The instrument background has been reduced by properly spacing the slits at larger distances and evacuating the beam path. This instrument has a number of ancillary equipment, such as flow cell, sample changer, heaters to cover a temperature range of 5 to 600 o C. Several groups use this instrument for the structural investigation in biology, fuel science, polymer science, catalysis and metallurgy. 
